result in very great economies of time when used in place of the standard zoological techniques which involve staining and clearing &c. Radiography has a part to play in investigating and recording many aspects of animal anatomy and has even been used in the study of fossil fish when embedded in a matrix of favourable radioopacity. REFERENCES Foxon G E H (1948) Brit. J. Radiol. 21, 301 (1957) Quart. J. micr. Sci. 98, 155 (1961) Med. biol. Ill. 11, 22 Mr R V Ely (Guildford, Surrey)
Micro-X-radiogaphy The difference between grain size and graininess is primarily a matter of radiation characteristics rather than those of the photographic emulsions. The employment of appropriate radiations is therefore a possible governing factor in the production of good quality negatives -and with relatively short exposures.
For thin sections requiring the use of long wavelength radiations titanium, copper, chrome or aluminium targets can be used, the high percentage of characteristic to total radiation being such that the resultant effective radiation is substantially monochromatic.
Some shorter wavelength rays, detrimental to ultimate resolution, are nevertheless present and much work has been done in an endeavour to 'filter' them out. Very recently Dr A Elliott (King's College Biophysics Laboratories, London) has developed a new form of total reflecting system for monochromatic radiation and initial results are most promising. Mr R W Fearnhead (London Hospital Medical College) is collaborating in the possible application of this system to microradiography.
The effect of focal spot size, also fundamental to maximum resolution, can be illustrated by slides showing a section cut to a variable thickness and radiographed alternatively by the contact and projection methods, using focal spots of 1 mm and 5 microns respectively. Special techniques, with which the MR Research Trust is concerned, were then briefly reviewed and illustrated by slides. One of these showed a small section of tooth as displayed on a television monitor at 25 magnifications, the definition comparing favourably with a corresponding microradiograph. The specimen was placed about one-eighth of an inch fromn an X-raysensitive Videcon (Dynamicon) and at a short distance from the target of a 50 kV Intercol X-ray microscope, loaned to the Trust by Professor R L de C H Saunders (Department of Anatomy, Dalhousie University, Nova Scotia). The technique appears to have many applications.
Other slides showed the possibilities of colour film and the polaroid process in the field of micro-X-radiography. Future developments in stereoand stereotomo-microradiography were also indicated.
Dr H A Sissons (Institute ofOrthopwdics, London)
The Use of X-rays in Bone Pathology Specimens and Bone Slabs The X-ray examination of bone specimens, using the standard techniques of clinical radiography, presents no special problems.
The X-ray examination of slabs of tissue from a bone specimen can be of great use in correlating the radiographic and histological features of the lesion (see Sissons 1950) . The slabs, approximately 5 mm in thickness, can be prepared with the aid of a power-driven band-saw: the radiographs can best be prepared using a fine-grain photographic emulsion and a source of relatively soft (20-30 kV) X-rays. It is important that the specimen for examination should not be frozen: this facilitates sawing, but seriously damages the tissue as far as subsequent histological examination is concerned.
Sections
The X-ray examination of bone sections ('microradiography') can also be used to study the microscopic distribution and amount of mineral material (hydroxyapatite) in the tissue. The subject is reviewed by Engstrom (1962) (1) A radiographic exposure of the bone together with a suitable standard for bone mineral: From the resulting radiograph, a photometric comparison of the bone and standard is then made. This, the commonest method employed, is usually undertaken using an X-ray tube source. Most workers have used it for peripheral bones but satisfactory accuracy in the larger proximal bone and axial skeleton appears possible. There are five main technical difficulties: (a) The need for a source of radiation of uniform intensity and similar quality over the area of interest is fundamental to the method. This cannot be taken for granted (Omnell 1957 , Doyle 1959 , unpublished, Meema et al. 1964 ). (b) Soft tissues cannot in general be ignored (Omnell 1957) . Although there may be circumstances in which errors due to soft tissues are tolerable, for most purposes some means of compensating for soft tissues is necessary. (c) Non-uniform scatter must be eliminated (Keane et al. 1959 (Hodge et al. 1935 ). Ivory was used by Stein (1937) , by Bywaters (1948) and by Mack et al. (1949) . Beef bone was used by Henny (1950) .
Hydroxyapatite has been recommended (Heuck & Schmidt 1960) . Chemical solutions close to hydroxyapatite in effective atomic number have been advocated (Reich et al. 1958 , Meema et al. 1964 . (e) Film handling and processing cannot be left to the vagaries of a routine dark room; some form of automatic processing is almost a necessity (Doyle 1961) .
(2) Measurement of the attenuation of a highly collimated X-ray beam (Vose 1958) or a photon beam from a radioactive isotope source (Cameron & Sorenson 1963) : With a 1251 source a high degree of accuracy in the measurement of the mineral content of the shaft of the radius has been claimed (Mazess et al. 1964 ). This method is capable of further refinement. By using photons of different wavelengths from more than one isotope source, more than one substance, or element can be estimated (Jacobson 1964 , Sorenson & Cameron 1965 . (3) Two kilovoltage X-ray method: A theoretical approach to this was stated by Omnell (1957) , by Krokowski (1959) and by Papworth (1964) . With an X-ray source of say 60 kVp most of the absorption in bone is photoelectric. At 250 kVp a great deal of the absorption is by Compton scattering. This difference forms the basis of a method used in the estimation of the mineral content of the spine (Oeser & Krokowski 1963 ).
(4) Photometric comparison of vertebral bodies with intervertebral discs from lateral tomograms of the lumbar spine, together with simultaneous tomography of a 'standard' lumbar spine in a water-bath (Barnett & Nordin 1961) : This is an empirical method based on some as yet unproved assumptions. The physical situation is too complex for simple theoretical treatment. It does represent one of the few attempts to introduce objectivity into the assessment of the mineral content of the spine. (5) Neutron activation of a bone followed by measurement of the radiation emission from the calcium isotopes present: The possibilities of this method have been indicated by Maletskos (1964, personal communication) . The method depends on a knowledge of the abundance of stable calcium isotopes in bones. (6) Ultrasonic method: The possibilities of such a method based on the different transit times of a sonic pulse in bone, muscle and fat have been indicated (Rich et al. 1963 ). (7) Morphological measurements on routine radiographs: Although not strictly a measurement of mineral content these methods are of value, especially in studying the epidemiology of diseases like osteoporosis. Measurement of the cortical thickness of a number of different bones has been described (Barnett & Nordin 1960 , Meema 1963 ). More elaborate methods of measurement of amounts of cortical bone have been described (Virtama & Mahonen 1960) .
